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INTRODUCTION

Following several years of inhouse analytical effonrt,
a computer program was evolved at Breed Conporalion which
was -apable of analyzing the dynamics of a ball rotorn fuze.
Based on the hresults of aunning this computer progham, Brza.!
became convinced that it could design ball nroton fuzes fon
use in all spinning munitiont assuring a predictablfe arming
distance within the nange desined fon each munition. After
Limited test finings had tended Zo vernifu the computer pre-
dictions, an unsolicited proposal was submitfed to Picatinny
Msenal to provide additional experimental data to jurthen
verify the computer program and to prove the feasibility o&
using the simpte ball notor as a neplacement for mo.te com-
plicated gear train escapements and umdinding ribbon fuzes.
Contract DAAA2]-73-C-0650 and §olLlow-or Contract DAAAZ]-74-
C-048] nesulted from this unsolicited proposal. These con-
thacts under the technical guidance of Picatinny Arsenak
used §luid immensed ball roton S & A devices and substan-
tiate the success of the computer modeling of ball rotox
inertial delays. These contracts Lindicated that ball roton
S § A devices could be used to provide axnming delays fox
all spinning profectiles. In particular, preliminohy test
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tesults on 20MM, <OMM and 57MM projectil:: indicated § 28-
ibility v§ achieving the desined arming dietance cha.acte-
distics fon these rounds.

This 48 the {inal report on a thind contract, the obicct-
4iv2 of which was Lo produce and test a significant quantity of
ball xoton S § A devices for use with the Lov: velocity 40MM
wrojectile a5 a Lower cosl nreplacemerit jon Fuze PD M550.

The ball notor is one of ihe simplest of all known anming
delay mechanisms. 1t 48 aisn one of the oldest fuzing mechan-
A8ms having been invenied supposedly in the fate nineteenth
century. Throughout the years, it has been used to provide
aming delays fen many spinning munitions §rom 20MM up to the
Langest antiliery shells. 118 performance has genenally been
discouraging, hnwever, both in tenms of the minimum auring
diitance and the dispersion of avming distances. Ball rotor
fuzes nave traditionally anmed too close to the g'w 2o pro-
vide for a safe separation distance and others have armed
at such a great distance as to increase the incidents og
duds. As a result, the ball roton has generally been re-
placed by more expensive §uzing mechanisms. Practically
the only high volume fuze which sti8L uses the balf noton
mechanism i8 the 20MM M505A3. Even in this application it
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does not provide the minimum axming distance desired.

After several years of inhouse effort at the Breed Conp-
oration, a mathematical model of tiic ball roion fuze was con-
stucted at Breed which fon the §irst time was able to explain
how the ball rotor worked and what was required to improve

its performance.




THE _COMPUTER PROGRAM

A discussion of the oniginal 3 degree of g§reedom batl
noton analysis appears in the final neport of Contract DAAAZ]-
73-C-0650. This progham has since been extended to include
transladion . of the ball 4in addition to notation. Both pro-
ghams have beenm utilized exteasively in analyzing the Low
velocity 40MM ball noton fuze duning this contract.

Perhaps a neviaw of the signigicant results of the batl
noton analysis {8 4in onden. After ‘everal yeans of extensive
analysis coupled with Live test {inings, a cleir understanding
0§ ball notorn characteristict now exists. Veny briefly, the
distance nequired for the balk rotor tc am 48 a function cf
the §riction forces between tie ball rotor and its housdng.
T§ there were no griciion forces, the ball rotor would never
align. 1§ the ball contacts the housing at a point through
which a thansverse moment of inertdd passes, the ball nroton
will align within a few geet of the muzzle of the gun. Con-
vesely, Lf the contact point is notated 99 degrees about the
projectile axis, once again the ball rotor will never align.
ALL othen cases Lie somewhere betweer these extheme points.
Typically, a ball rotor will move around the housing contact-
ing 4t at many peints which give nise o friction torques




which in a complex fashion pewmit gradual alignment of the
detonaton axis with the spin axis. The friction forces be-
tween the ball and the housing and in particular, the Locus

§ 04 the contact points between the balf and the housing dun-
ing the aming cycle control the anming distance. In add-
ition, the nelationship between the polat and thansverse
moments of inentia of the ball notor 48 crnitical. 1§ these
moments of inertia ane close together, griction fonces be-
tween the ball and housing can easily create nolling contact
between the ball and the housing. On the other hand, if the
polar and transverse moments are far apatrl. the ball wilt slide
on the housing and its motion will be more cependent on the
argular momentum of the ball roton. For.a given §riction ton-
que, therefore, the batl notor with a Largen difference be-

tween these moments of .inertin will have its behavior Less
dominated by §riction foncer and thus will result in a monre
consistant axuming distance.

The Locus of the contact points has an obvious effect
on the alignment of the ball notorn. 1In the exireme cases
mentioned above, the awming distance went from praciically

zeno 16 infinity by a simple movement of 90 degrees of the
contact pivot point. This L8 perhaps the most significant
nesult which has escaped nesearcherns to date, This Location




e s LK

o agaem WG

of the contact point {8 primarnily determined by the eccentricity
An the fLight of the projectile. Since the eccentricity generally
gets larger with Larger projectiles, this is why the ball rotor
has not functioned well .in projectiles muci Langer than 20MM.
The 20MM nesults, however, have been much bSetter. To use a
ball roton in fLarger projectiles, therefore, the effect of
shell eccentricity must be significantly neduced. The §inst
step of counse would be to neduce Lo a minimum the friction
coefgicient between the ball and housing since all of the

§r ction torques on the ball contain the coefficient of fric-
tion as a factor. The second step would be to use §luid bucy-
ant forces to neduce the effective mass of the ball noton since
this also is a factor in all of the friction torques. A thind
approach 45 to utilize some method of eliminating withen the
fuze some or «ll of the shell eccentricity. Thus a mechanism
48 nequired which will move the ball noton and .its housing
nelative to the fuze towarnd the profectile spin axis. This,

it 48 believed, can be effectively done through the use of a
dense fluid, a plastic wing, and a ba’lL rotor. During spin

0§ the projectile, buoyant forces in the dense fludd will

move the plastic ning which acts as the housing for a ball
hoton, toward the spin axis of the projectile. 1t was the
{nvestigation of this concept which was a key elfemevs 2o be
undetaken in this contiactual effort and which is reponted

on in this final nepont.




TEST RESULTS - ARMING DISTANCE

The test nesults nelating to aming distance are dis-
cuwssed here chronologically. The actual test results can
be found in Appendix I. The {inst test firning consisted of
fwo rounds, one fired at 200' and one at 300'. Both were
du . which Led to the suspicion that the upward motion dur-
ing setback - the plastic centering ring was being resisted
by the §luid. Two inent fuze: were §ired as test #2, one
was Lost, the second recove ed and found to have functioned.
Eight and ten fuzes containing the modified centering ring
wene fired as tests #3 and #4 to give an indication of the
auming distance. A statistical analysis of these test §inings
indicated a minimum anming distance of a Little befow 45 feet.
This was consistent with the computer analysis to date.

\

Twelve rounds were §iied for tedt #5. Two were §ired
at 20', both of which went high ordex, the nemuining ten wene
gined at 45' with only ore functioning. Since this agheed
Wwith the previous test nesults, an effort was undertcken 2o
increase the minimum anming distance above 45'., The §iut
approach {nvolved an attempt to change the ratio of the trans-
vense to the polan moment of inertia. The analysis indicated
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that if a pf~stic sleeve could be placed around the detonatons
for the full Length of the ball roton, a significant improve-
ment {n the rmoment of inertia natio would be achieved. 1In
practice, however, due to the presence of the fLock ring grooves,
~ much smallern plastic sleeve was all that could be used. The
nesults of test ¥6 of ten nounds contained this modification
and showed no significant improvemeat from the previous test
nesults, A second attempt to increase the mean awning dis-
tance resulted from an extensive computer analusis to detenmire
the effect of ball size on the aming distance. The results

04§ this anolysis are summanized in Figure 1. From thesc nesults,
one would expect an approximate 20% increase in the arming
distance 4{f the ball rotor diameter were increased §rom 3/8"

to 7/16". Ten units were constructed and fined as test #7,
which indicated that the 20% arming distance increase had 4in
fact been achicved.

In an attempt to detenmine the minimum aming distance,
wenty fuzes were initially assembled for test #2. Three were
firned at 90, all of which were duds. The test was discontinued
and sixteen units were centwifuged tested at 3dreed Conporation,
Wil 04 which axmed. Since these test results were inconsistent
with all previous hresults, all of the parts were reworked to
wnphove surface §inishes and other minon characteristics. They

were ncussembled and fwo nounds were fired at 90' as test #9,
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both of which were again duds. Theste were retrieved, x-rayed
and disassembled at Picatinny Asenal where it was determined
that everything had functioned properly, however, 4in one case
the ball rotor was 10 degrees out of alignment and 4in the othen
cate 70 deghees. In spite of these nesults, there was some
concern that perhaps the target material was not thick enough
2o initiate ine nound, therefore, two additional rounds were
§irned through a double thickness tanget at 70', both of which
were duds. The hrounds were netrieved and disassembled wherein
it was Learned that the ball rotons were 30 and 40 degrees vut
of alignment, respectively.

The next suspicion Lay in the design of the Lock ring
grooves. Six nounds were consdthucted fon test #11, three having
the standand Lock rning ghooves and three having substantiafly
smak’len grooves. It was felt that perhaps the ghrooves were up-
setting the moment of inentia natio and effecting the dynamics
04§ the batl. The ball notor computer program at that time could
only take into account one of the Lock iing grooves. The s4x
rounds werz 4ined at 90' as test #11 with identical nesults.

Two went and one was a dud 4in each. The grooves fon both grouns
had been carefutly made to assunre ‘hat they were symmetrnicl.

An examination of earlien Ibau notons indicated that the vpper
ghoove had been at cne end of the toferance range, whereas the

Lowen ghoove had been at the otnen, thus giving an imbalance to

| w
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: the ball noton. The improved resvlts tended to Lend credence
1o the groove hypothesis. The two that were duds were 30 and
40 degrees out of alignment, respectively.

o

Three rounds were assembled fon test #12 to see if perhaps
zhe fLanger ball had menely moved the maximum auming distance
out to a gheater distance. Two were §ired at 125 feet, one
was a dud and the second went high onden.

The examination of the dud {1 test #12 suggested that
perhaps the Lock ning would not release the ball if the pro-
jectile wene highly eccentric. The ring was thus modified
on three hounds and on three of the rounds a fLat was milled
on the top of the ball to place the centern of gravity of the
batl below the geometric center. ALL 8ix wenre gired at 90'
with one dud which was the nound that did not have the §lat
on the ball, Aften these encou:rjing results, eleven units
were assembled fon test #14. Tne test was discontinued aften
the §inst dud at 90'. Foun duds 4in total occuwvied which were
disassemtled. For the §inst time it was found that three of '
the four ball rotons were in fact Lining up backwards.

Although the caus ;@ for the backward alignment was noi
discovered until near the end of the program, it might have

11
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been evident at this point. The §inst time backward align-
men? nad been witn.ssed was after the spin weight had been
modified Lo permit an eamrlien nelease of the ball noton, thus,
although this was not verified until Later, by r.leasing

the ball notorn early and then moving the centerning mass to

the spin axis, the ball under the influence of set back forces,
would tend to noll along the bottom of the housing. ALL that
48 nequined is approximately .027 inches of motion in the right
direction Lo noll the ball sufficiently to place the deifonaton
axis at 90 deghrees with respect to the projectile axis.

The nesults of test #14 made it impcrative to neturn to
the computen analysis and a modified program to contain th:.
effect of the second Lock ning groove. This avalysis indie-
ated the sunprising nesult that the natio of the momenis of
inertia of the ball notor was not good. Through an oversight,
the batl noton detonaton diametes nad roi heen (nanged wken
the ball roton was increased. The analysis of the effect of
batl notor diameter on awning distance was based on the
assumplion that the detonator would increase proportionally
to the ball noton diameter. ALL future ball notorns, there-
fone, worz constructed placing an aluminum sleeve arsund the
detonatons, thus effectively increcsing the &.ze of the

12
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detonaton., The computer analysis indicated an anming cis-
tance range for seasonable values of eccentricity of faom
60 to 85 feet.

Ten units werne condtucted using the modified bakl s..tons
gon test #15, however, thy. second one {ired was a dud at 90'
and the test was discontinued. Disassembly of Lthis unit again
dndicated that the ball nzton had Lined up backwands.

Eight fuz~8 were assembied fon tesi #16, with the initial
angle placed ax 70 degreet as orposed to 80 degrees. ALthough
this was not nealized at the time, this would require a motion
0f .265" to move the detonaton axis to the 90 degree point.
Since #ne maximum moiion o4 the centening ring was .080", it
48 unlikely that thit could occwr. The test nesults of test
016 indicated all eight units functioned, however, one of the
units went at 45' which had been considered too close to the

gun.

At this time, the nolling ball theory was hypothesized
and the body was modified to hold the centering ning on center
prch to fining. Thus, the maximum motion of the centering
ning would be neduced §rom .08" to .04". Five units went high




onder at 90 feet as test #17. Tiwelve additional units were
assembled fon test #18, nine o/ which were no go at 45 feet
and three of which went high onder at 90 feet. ALL of the
no go rounds were retuwwned and disassembled and all were
gound to be between 5 and 30 degnrees §rom alignment. None
were aligning backwanrds.

Twenty-one units were then assembled §on test #19 2o
detoumine an aming distrnibution. These results indicated
an auning distance range of ghom 50 Lo 90 feet.

Although test #20 and #21 wene primanily gnaze tests,
one out of s4ix in each test was a dud and whan disassemt ed
was found with the ball rotor Lined up backwe/as. Once gain,
the fuze was extensively analyzed using the computer program
which indicated that the conditions were not favorable gon
the ball to Line up backwards due to §riction forces or ball
dynamics. The only Logical answer, therefore, was the noliing
ball hypothesis discussed earlien. 1In test #23, a §Lat was
placed on the bottom of the ball in an attemp to prevent it
{rom nolling on the housing. Nevertheless, one out of eleven
rounds did not function and when disassembled was found with
the noton backwanrds.

Once again, the detent spin weights wene fwither modi4ied

14
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2o prevent any interjerence with the ball rotor. Ten inert
fuzes werne assembled and {ired {or recovery. Six units were
found to have Lined up cornrectly and four were backwards in
test #24, 1In test #25, « ning was inserted around the cen
tening ning Lo prevent the centerning ning grom moving. Ten
uncts wene gined, recovered and disassembled, all of which
Lined up property, thus conclusively poroving the rolling ball
hypothesis .

Finally, ten units were reassembled fon Live firning
with the same centering ring configuration as test #26. wo
of the units auned at 45 feet indicating that the centering
iing 48 necessary in onder to ertend the aming distance.

15
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TEST RESULTS - GRAZE

Graze fed< nesults consisted of several finings with
modificaticn Lo the ogive, §irning pin, ball noton, explosive
train and housing to increase the sensitivity of the round
10 graze impacts.

Along with test #3, one nound was gired for graze wich
a standard ogive to sec 4f it would crush. 1t was §ired inent
at 200 f{ect, necovered and was found not tc have cushed, there-
fore a more sensitive ogive was designed. Three rounds were
§ired containing the new ovgive as part of test #7. ALL three
again would not have functioned. 1t was difficult to analyze
the nesults of inert graze rounds due to subsequent impacts.
Since Picatinny Asenal personnel at §inst declined to gine
Live graze rounds, an ain gun was designed and constucted
at the Breed Corporation to simulate graze §ining. Initial
tests from the ain gun, however, resulted in the air gun piston
being destroyed with each §ining since the piston must be
stopped at the ain gun muzzle, othewwise it would hit the slanted
graze tanget before the ogive. At this time, .Picatinny indicated
that perhaps Live §inings could be undertakon providing a harnd
tanget was laced behind the graze tanget. Further work on the

air gun was therefonre suspended.

16




Severel static tests were conducted with and without
§luid at the Breed Corpeoration to simulate the gap that would
be present in a graze round. 1t had been decided that - in-
crneade the sensitivity ampacting the §ining pin on graze im-
pacts, the ball roton should be penmitted to move forward.-
This, of course, would increase the gap which the detonator
must jump Lo reach the boostern. ALL of the simulated static
test finings at the Breed Corporation were successful. One
nound was assembled with a maximum gap and fired into a target
at 90 feet. This unit functioned Low order. This was probably
due to the displacement of the detoratorn from the profectife,
axis due to the action of the centening ning. The fact that the
nound went Low order was not comsdidered purticularly harmful
since the detonators used wene considerably smallen than the
ones which would be used in the production design.

Six units were assembled to create the maximum gap between
the bal’ notor and the thin section of the body above the ex-
plosive Lead. Bench tests with this configuration had been
succcssful. These &ix rounds were gired into a plywood tanget
at 120 {eet to check propagation as test #20. Two rounds went
Low onden and owe did not go, which as reponted earlier was due
to bechwand ball alignment. 1In test #21, provision was made Lo
pemit the ball to move forward on ghaze, impinging the detonaton

17



on the §iring pin. Three rounds went high order whew §ired
for graze. Two did not go on graze, but functioned on the
cage behind the graze area, and oite as vreviously mentioned,
Licied up hachwands .

In test #22, modifications to the fuze infuded the re--
meval of one cubie centimeter of fluid and the ues ~) a mone
sensitive §ining pin design. The {insi unit missed tanget
and went high order on the cage, the second nit a bawel 55'
in front of the gun and did not function. Three out of the
remuining four functioned propenly with the dud being due o
backwerd ball noton afignment. Thus, all of the fuzes which
hit the target poperly functioned hijh order with the ex-

ception of one where the ball reverse awmed.

18
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CONCLUSTONS AND RECOMMENDATTONS

This contact explored a new comcept in ball roton fuving,
the vse of a centering system to substantially reduce the effects
of shell eccentricily. 1t has been fcund that shell eccentricily
48 the mosl significant facton causing erratic ball roton behavior.
Although the conz.pt of the centering system is simple, reverse
anwning problems wexe encountered which werne not expected. The
cause 0f the reverse anming problem eluded company and govern-
ment engineers until near the end of the contract. Now that
its cause 48 thonoughly undenstood to be due to the rolling of
the ball on the hcusing ad the centering ning moves toward the
spin axis, the solution to the , . olem is near at hand.

Several approaches exist for el ‘minating this reverse
avning problem. The §inst approach would be to place a shouldenr
on the top of the housing s0 that durning setback the centering
ning would be prevented §rom moving towand the spin center until
after setback has ceased. Once setback has ceased, there will
no Longer be a force between the ball and the bottom of the
housing, thus it should move onto the spin axis without rolling.
Although this is the most promising approach, several other
designs exist for eliminating this probfem.

19
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Although the graze tests results are Limited in number
due to the concentration of effort on the reverse aming problem,
the final test results are encouraging. 1t 48 conceivable,
out not 2xpected, that propagation problems might appear wizn
§iring graze tests at high and Low temperatuwres. This is an
area which should be explored, Detonatons used in the program
80 far are considerably smaller than those which should be used
in the production design to overcome Low order detonatons.

1t is strongly necommended that additional contractual
effort be undertaben as a minimum to permit a few mone §inings
to conflum the analysis discussed herein and a test fining of
three hundned (300] nounds forn statistically signifiant tesis.
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Round # Distance Ge/No Go

1 200 feet No Go

2 300 feet No Go
TEST #1

E 21
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MODIFIED CENTERING RING

NO DETENT WEIGHTS
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Round # Jistance Go/No Go

1 30(C feet Go

2 300 feet Lost
TEST #2




MODIFIED RING
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Round # Distance Go/No Go
1 300 feet GO

2 300 feet GO

3 50 feet No Go

4 75 feet GO

5 65 feet No Go

6 75 feet Go

7 65 feet &0

8 55 feet No Go

TEST #3
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MODIFIED RING

[

Round # Distance Go/No_Go
1 60 feet Go

2 55 feet No Go
3 60 feet No Go
4 65 feet Go

5 60 feet Go

6 55 feet No Go
7 60 feet No Go
8 65 feet Go

9 60 feet Go

10 55 feet Go

TEST #4
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Round # Distance Go/No Go

1 90 feet Go
2 90 feet Go
3 45 feet No Go
4 45 feet No Go
5 45 feet No Go
6 45 feet No Go
7 45 feet Go
8 45 feet No Go
9 45 feet No Go
10 45 feet No Go
11 45 feet No Go
12 45 feet No Go
TEST #5
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NEW PLASTIC SLEEVE AROUND DETONATOK

Round # Distance Go/No Go
1 60 feet Go

2 65 feet Go

3 55 feet No Go
4 60 feet Go

5 55 feet Go

6 50 feet No Go
7 55 feet No Go
8 60 feet Go

9 55 feet Nc Go
10 60 feet No Go

TEST {#6
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INWARD BALL DIAMETER

Round # Distance Go/No Go
1 65 feet Go

2 60 feet No Go
3 65 feet No Go
4 70 feet Go

5 65 feet Go

6 60 feet No Go
7 65 feet No Go
8 70 feet Go

9 65 feet No Go
10 70 feet Go

TEST #7
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Distance Go/No Go

90 feet No Go

90 feet No Go

90 feet No Go
TEST #8A
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CENTRIFUGE TEST

Round # Spinup Rate R.P .M. Go/No Go
1 slow 3600+ Go
2 slow 3600+ Go
3 slow 3200 Go
4 slow 3600+ Go
5 8low 24- 3000 Go
6 slow 2600 Go
7 slow 2200 Go
8 slow 26-3600+ Go
9 slow 2200 Go
10 slow 2800 Go
11 slow 2800 Go
12 slow 2700 G
13 fast 2200 Go
14 fast 2400 Go
15 fast 3000 Go
16 fast 2200 Go
TEST #8B
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PARTS REWORKED
. Round # Digtance Go/No Go
1 90 feet No Go
2 90 fzet No Go
TEST #9
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CENTRIFUGE TEST

Round # Spinup Rate R.P.M. Go/No Go
1 slow 3600+ Go
2 slow 3600+ Go
3 slow 3200 Go
4 slow 3600+ Go
5 slow 24-3000 Go
6 slow 2600 Go
7 slow 2200 Go
8 slow 26-3600+ Go
9 slow 2200 Go
10 slow 2800 Go
11 slow 2800 Go
12 slow 2700 Go
13 fast 2200 Go
14 fast 2400 Go
15 fast 3000 Go
16 fast 2200 Go
TEST #8B
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THICKER TARGET

Round # Distance Go/No Go

1 70 feet No Go

2 70 feet No Go
TEST #10
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Round # Type Distance Go/¥o Go

1 1 90 feet Go
2 1 90 feet Ne Go
3 1 90 feet Go
4 2 90 feet Go
5 2 90 feet Go
6 2 90 feet No Go

) Type #1: Standard Lock Ring Grooves

Type #2: Smaller lLock Ring Grooves

TEST #11
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Distance Go/No Go
125 feet No Go
125 feet Go

TEST #12
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MODIFIED LOCK RING

Round # Type Distance Go/No Go
1 1 90 feet Go

2 1 90 feet No Go

3 1 90 feet Go

4 2 90 feet Go

5 2 90 feet Go

6 2 90 feet Go

Type #1: Modified Lock Ring

Type #2: Modified Lock Ring and flat on top of ball

TEST #13
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MODIFIED LOCK RING AND FLAT ON TOP OF BALL

i T T

Round # Distance Go/No Go
1 90 feet Go

2 90 feet Go

3 45 feet No Go

4 45 feet No Go

5 70 feet No Mo

6 90 feet Go

7 90 feet No Go

TEST #14
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! ALUMINUM DETONATOR SLEEVE ADDED

—

Round # Distance Go/No Go

1 90 fzet Go

2 90 feec No Go
TEST #15
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70" STARTING ANGLE

Round # Distance Go/No Go Comment
1 90 feet Go Low order
2 90 feet Go Low order
3 90 feet Go High order
4 90 feet Go High order
5 90 feet Go High Order
6 45 feet Go High order ,
. 7 90 feet Go Low order
8 90 feet Go High order
TEST #16
37
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CENTERING RING CENTERED DEFORE FIRING

Round # Distance Go/No Go
1 90 feet Go
2 90 feet Go
3 90 feet Go
4 90 feet Go
5 90 feet Go
TEST #17
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Round # Distance Go/No Go
1 45 feet No Go
2 45 feet No Go
3 45 feet NoGo
4 45 feet No Go
5 45 feet No Go
6 45 feet No Go
7 45 feet No Go
8 45 feet No Go
9 45 feet No Go
10 90 feet Go

11 90 feet Go

12 90 feet Go

TEST #18
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Round # Diatance Go/No Go
1 50 feet No Go
2 50 feet No Go
3 58'9" No Go
4 58'9" Go

5 51'10" No Go
6 51'10" No Go
7 55'4" Go

8 55'4" No Go
9 53'7" Go

10 537" No Go
11 529" No Go
12 80 feet No Go
13 80 feet No Go
14 120 feet Go

15 120 feet Go

16 120 feet Go

17 100 feet Go

18 90 feet Go

19 90 feet Go

20 85 feet No Go
21 85 feet Go

TEST #19
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GRAZE GAP CONFIGURATION .075", TARGET SHOTS

Round # Distance Go/No Go

1 120 feet Go

2 120 feet Go

3 120 feet Go - low order

4 120 feet Go

5 120 feet No Go

6 120 feet Go - low order
TEST #20
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LIVE GRAZE TEST GRAZE TARGET
Round # Distance Go/No Go
1 200 feet Go
2 200 feet No Go (go on cage)
3 200 feet Go
4 200 feet Go
5 200 feet No Go
6 200 feet No Go (go on cage)
TEST #21
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CRAZE TESTS, lcc FLUID REMOVED, GRAZE TARGET
Round # Distance Go/No Go
1 200 feet Go, on cage (missed graze target)
2 200 feet No Go, hit barrel at 55'
3 200 feet Go
4 200 feet No Go
5 200 feet Go
6 200 feet Go

TEST #22

43




FLAT ON BALL BOTTOM

Round # Distance Go/No Go
1 200 feet No Go
2 200 feet Go

3 200 feet No Go
4 200 feet Go

5 200 feet Go

6 200 feet Go

7 200 feet Go

8 200 feet Go

9 200 feet Go

10 200 feet Go

11 200 feet Go

TEST #23
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SPIN WEIGHTS MODIFIED INERT FUZES
Round # Distance Go/No Go
1 200 feet Go
2 200 feet No Go
3 200 feet Go
4 200 feet Go
5 200 feet No Go
6 200 feet Go
7 200 feet No Go
8 200 feet No Go
9 200 feet Go
10 200 feet Go

TEST #2¢
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CENTERING RING HELD ON CENTER

Round # Distance Go/No Go
1 200 feet Go
2 200 feet Go
3 200 feet Go
4 200 feet Go
5 200 feet Go
6 200 feet Go
7 200 feet Go
8 200 feet Go
9 200 feet Go
10 200 feet Go
TEST #25
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CENTERED CENTERING RING

Round # Distance Go/ No Go
1 90 feet Go

2 45 feet No Go
3 60 feet Go

4 53 feet Go

5 45 feet Go

6 33 feet Go

7 35 feet Ne Go
8 45 feet Go

9 38 feet No Go
10 45 feet No Go

TEST #26
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